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The baryon-antibaryon SU (3) nonets are proposed as a scheme to classify the increased number of exper- 
imentally observed enhancements near the baryon antibaryon mass threshold. The scheme is similar to the 
Fermi-Yang-Sakata model, which was put forth about fifty years ago in explaining the mesons observed at that 
time. According to the present scheme, many new baryon-antibaryon bound states are predicted, and their 
possible productions in quarkonium decays and B decays are suggested for experimental search. 


1. Introduction 


Low mass baryon-antibayron enhancements 
have recently been observed in charmonium and 
B decays. In charmonium decays, pp and pA 
enhancements are observed in J/y — ypp [1], 
w!' > n?pp, npp [2], and J/y > pAK~ + c.c. [3], 
as well as in Yy’ > pAK™~ + c.c. decays [3] by 
BES collaboration. In B decays, many baryon- 
antibayron-pair-contained final states have been 
measured by CLEO, Belle and BABAR collabora- 
tions, such as B° > D*~ pn [4], BE > ppk* [5], 
B° > D*°pp, D°pp [6], B° —> pAr” [7], Bt —> 
pprt, ppK**, B° + ppK° [8], B+ > AAK* [9], 
Bo = D pp, D pp [10], and so on, with ob- 
served enhancements in pp, pA and AA mass spec- 
tra. Except for the enhancement in J/y > ypp, 
which is claimed to be very narrow and below 
the pp mass threshold, all other states are slightly 
above the baryon antibaryon mass threshold and 
the widths are a few ten to less than 200 MeV/c’. 
Stimulated by recent experimental results, a num- 
ber of theoretical speculations and investigations 
are put forth [11,12], some focus on the interpre- 
tation of a particular final state [11], for instance 
J/w — ypp, while others discuss the final states 
containing baryon and antibaryon pair [12]. Most 
of these works devote to the improvement of pre- 
vious models or exploration of the production and 
decay dynamics, but it is still far from under- 
standing the problem. 
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The discovery of increased number of baryon- 
antibaryon enhancements near thresholds can not 
help reminding us of the era prior to the de- 
velopment of SU(3) quark model, when the so- 
called elementary particles emerged one by one. 
In this Letter, we try to find a way to classify 
them. We suggest a nonet scheme to accom- 
modate the baryon-antibaryon enhancements ob- 
served in charmonium and B decays. We surmise, 
with certain kind of interaction, for example, the 
residual strong force between the quarks inside 
the baryons, some multiplets can be formed as 
the baryon-antibaryon bound states. Our idea 
is enlightened by the Fermi-Yang-Sakata (FYS) 
model, in which the mesons were interpreted as 
baryon-antibaryon bound states. 

Our scheme could lead the experiments to 
search these bound states in a systematical way, 
as the missing mesons and baryons had been 
searched following the prediction of the quark 
model. Also this scheme facilitates the theoretical 
development which describes these bound states 
in an unfied model instead of focusing on a par- 
ticular state, since these states are bound by com- 
mon forces and they decay through the same dy- 
namics. 

In the following parts of the Letter, we first 
review the FYS model briefly, then put forward 
a baryon-antibaryon nonet scheme, by virtue 
of which, many new baryon-antibaryon bound 
states are expected. Finally, the search for these 
states are discussed. 


2. Fermi-Yang-Sakata Model 


In 1950s, as the number of the so-called elemen- 
tary particles increased, it became less likely that 
all of them were truly elementary. Under such 
circumstance, as a tentative scheme, Fermi and 
Yang proposed [13] that the 7-meson may be a 
composite particle formed by the association of a 
nucleon and an anti-nucleon, with strong attrac- 
tive force in between which binds them together. 
Since the mass of the a-meson is substantially 
smaller than twice the mass of a nucleon, it is 
necessary to assume that the binding energy is ex- 
tremely large which is unappealing theoretically. 

In 1955 after the discovery of the strangeness, 
Sakata extended Fermi-Yang’s idea by including 
a strange baryon A and its anti-particle [14], and 
intended providing a physical meaning for the 
Nishijima-Gell-Mann’s rule [15]. Four years later, 
the most modern-like version of the FYS model 
was developed by Ikeda, Ogawa and Ohnuki [16]. 
They assumed that proton p, neutron n and A 
are basic particles which compose other baryons 
and mesons as suggested by the FYS model. They 
proposed a framework which explicitly assures the 
equivalence of the three basic particles, p, n and 
A, in the limit of an mass. This leads to the intro- 
duction of a new invariance under the exchange 
of A and p or A and n in addition to the usual 
charge independence and the conservation of elec- 
trical and hyperonic charge. They utilized U(3) 
group to analyze the symmetry of the FYS model 
and obtained exactly the same classification of the 
pseudoscalar mesons as the quark model as long 
as the basic elements p, n and A are replaced by u, 
d and s quarks. The symmetry analysis of Ikeda, 
Ogawa and Ohnuki was so successful that all the 
pseudoscalar mesons known by 1961 could be ac- 
counted for, and moreover, a new particle 7 was 
predicted which was shortly discovered [17]. 

However, after the theory of unitary symmetry 
of strong interactions was put forward [18], espe- 
cially when hyperon Q7 was predicted definitely 
by Gell-Mann [19] and its existence was confirmed 
experimentally [20], the FYS model became a his- 
tory for the quark model. In fact, even when the 
FYS model was proposed, it encountered a pro- 
found difficulty which was the enormous binding 


energy for sticking the nucleons together to form 
a meson. On the contrary, for the newly observed 
baryon antibaryon enhancements near thresholds, 
the binding energy is small compared with the 
mass of a nucleon. So we turn to the FYS model 
to classify these bound states. 


3. 07 and 1~ Nonets 


We come back to the FYS model, but from 
a different point of view. In our scheme, the 
baryon-antibaryon bound states do not refer to 
ordinary mesons, such as 7, K, 7, but to the 
bound states formed by baryon and antibaryon. 
The interaction between the baryon and an- 
tibaryon is probably the residual force between 
the strong interaction of the quarks and gluons 
inside the baryon or antibaryon. On one hand, 
the masses of the three-quark systems (the baryon 
and the antibaryon) increase by a small amount 
due to the residual forces required to form the 
bound state; on the other hand, the binding en- 
ergy between the two three-quark systems de- 
creases the mass of the baryon-antibaryon sys- 
tem to lower than the sum of the masses of the 
three-quark systems, but very close to the baryon- 
antibaryon mass threshold. This supplies as a 
phenomenological surmise, the real physics awaits 
for the validity of the quantum chromodynamics. 

Similar to the SU(3) quark-antiquark nonets, 
we postulate the existence of special octets and 
singlets (nonets) whose elements are baryon- 
antibaryon bound states, as shown in Fig. 1. 
Hereafter, we limit our study to the low-mass 
baryons: p, n and A. For a baryon-antibaryon 
bound state, its quantum numbers are obtained 
in the following way: 


e Its spin (S) is 0 or 1, from the addition of 
the component baryons. 


e The parity is (-1)"*+1, where L is the 
orbital angular momentum between the 
baryon and the antibaryon. In case of S- 
wave (L = 0), the parity is odd (—), while 
for P-wave, the parity is even (+). 


e For pure neutral system, such as nn, pp, 
or AA, the C-parity is (-1)4t+5. For 


charged members, we define the generalized 
C-parity [21] by the neutral member of the 
nonet, but under C-parity transformation, 
the particle changes into its anti-particle. 


(nA) (pA) 


(np) (np) 


(pA) (nA) 


Figure 1. Baryon-antibaryon nonet. The J? of 
this nonet is either 07 or 17. The three circles 
in the figure indicate the following three states: 
(nī — pp)/V2, (nī + pp — 2AA)/V6, and (nī + 
pp + AQ)/V3. 


The property of the S-wave spin-singlet states 
(JP = 07) or the S-wave spin-triplet states 
(J? = 17) nonet is summarized in Table 1, which 
leads to the relation of their production rates in 
experiments. For simplicity, we assign the par- 
ticles in the nonets the same names as the me- 
son nonets formed by quark-antiquark, but with 
a subscript B for distinction. For example, the 07 
isospin vector states are denoted as Th, Th, and 
Tp, While the 17 strange particles are referred to 
as K, Kz, and their anti-particles. In gen- 
eral, there is mixing between the 8th component 
of the SU(3) octet and the SU(3) singlet. Since 
the masses of proton and neutron differ by only 
1.3 MeV/c’, but the mass of A is 177 MeV/c? 
greater, one is invited to assume ideal mixing be- 
tween them, thus one is pure (pp + nmi) and the 
other is pure AA. This is to be verified by exper- 
iments. 


Table 1 

Quantum numbers of baryon-antibaryon nonet 
with J? = 07 or 17. I is isospin, Is is the third 
component of T, S is the strangeness and Q is the 
charge of the state. The column “symbol” gives 
nomenclature of the 07 and 17 states for easy 
reference in the Letter. 


state I(I3) S Q Symbol 

(pm) 1(4+1) 0 +1 TE/PE 

(np) 1(-1) 0 -l  mB/PR 
ee 1(0) 0 0 1% /p% 
(pA) 363) +1 +H ë K3/Ký 

(nA) i(i) 41 0 K9/Kx 

(TA) 4(¢+4) -1 0 Kp/Kp 

PA) 3(-$) -1 -1 K/K 

er Pa) z 2AA) 0(0) 0 0 a/o 
D aE E eee 
ore 0(0) 0 0 ne WR 
a —BZ-—. 57-2. 


If the electromagnetic interaction is neglected, 
the production rates of these baryon-antibaryon 
bound states in J/y and w' decays can be sim- 
ply related by SU(3) symmetry except for a 
phase space factor [21]. For example, the produc- 
tion rates of baryon-antibaryon bound states with 
JP = 17 accompanying by a pseudoscalar meson 


are related by: 1°p% : ntpp : app: KK} : 
KRY : K-K : KOK : nup : nds : n'we : 
nB =1:1:1:1:1:1:1: XJ: Y? x oi: 
Here Xy, Xy, Yn, and Yy are the mixing coeffi- 
cients of 7 and 7’ [22]: 


l 5 = 
In) = aT ai + Yn|83) , 
Ve z 
m) = Ae p RRS 
with Xp = Yp, Xq = Yp, and X2 +Y? = 1. 


Assuming aforementioned states predominantly 
decay to baryon-antibaryon pair, and consider- 
ing the fact that p?, > nī and wg > nī are 
hard to be detected experimentally, above rela- 
tion can be reformulated in terms of the experi- 
mentally detected final states: n? (pp) : mt (np) : 
n` (Tp) : K+ (pA) : KO (TA) : K- (pA) : K9(nA) : 
n(pp) : n(AA) : nD i AA S d:l: 


x? xš, 
1:1:1:1: 4: Yf: 2 : Y}. The produc- 
tion rates of baryon-antibaryon bound states with 
other quantum numbers are expressed similarly. 
The phase space is proportional to p? for the pro- 
duction of the JP = 17 (07) baryon-antibaryon 
bound state with an accompanying pseudoscalar 
(vector) meson, where p is the momentum of the 
baryon-antibaryon bound state. 

The pp state observed in J/Ņy radiative decays 
is np or 7%, if it is a S-wave state due to spin- 
parity conservation, and the pA states in J/y) de- 
cays is K" or K}. In B decays, since parity is 
not conserved, the spin-parity of the state is to 
be determined by the angular distributions of the 
final state particles. 


4. Experimental Searches 


Because of the large phase space, B decays 
play important roles in the study of the baryon- 
antibaryon resonances. Many of the baryon- 
antibaryon-pair-contained final states have been 
analyzed experimentally as mentioned above, 
other interesting modes to be searched for are 
given in Table 2. The complexity here is the pos- 
sible existence of two or more baryon-antibaryon 
resonances in the same final states and in a 
very small mass region, since many different J? 
states can be produced in B decays, depending 
on the other particles accompanying the baryon- 
antibaryon resonances. 

Charmonium is another domain to study the 
baryon-antibaryon states. Unlike B decays, con- 
servation law holds a rein on a possible decay 
mode herein. By virtue of the quantum numbers 
listed in Table 1, some decay modes involving the 
0- and 1~ baryon-antibaryon bound states are 
listed in Table 3. 

The production of the 0~ baryon-antibaryon 
bound states in J/y (or 7') decays can be ac- 
companied by a vector meson. For the iso-vector 
bound states, one may look for the pNN (nu- 
cleon antinucleon) final states, including pt np, 
p°pp and p pn; for the iso-scalar bound state, 
one may look for the wpp final state; while for the 
strange states, one may look for the K**+ Apt c.c. 
and K*°Anm + c.c. final states. The neutron or 
anti-neutron which is not detected may be recon- 


Table 2 
Possible decay modes containing baryon- 
antibaryon nonets in B decays. 


decay mode decay mode 


db ds ub> us 
B? > 7°(nA) B+ > n*(nA) 
T~ (pA) n° (pA) 
K* (np) K* (pp) 
K3(pp) KT (AA) 
KSA) KS (pn) 
n(n) (pA) 
n (nA) 1 (pA) 
p°(nA) p* (nA) 
p~ (pA) p° (pA) 
K** (np) K*~ (pp) 
K” (pp) K** (AA) 
K*°(AR) K” (pr) 
w(nA) w(pA) 
o(nA) (pA) 
db—  d(&cs) ub— u(Ecs) 
B? > m (nA) _ BY > me(pA)_ 
J/tb(nA) J/Y (pA) 
db—  d(Gud) ub—  u(Cud) 
B? > D'(pp) Bt > D (pn) 
D’ (AA) 
D- (pri) : 
D” (2007) (pp) D (2007) (pm) 
D*°(2007)(AQ) 
D*~ (2010) (pm) 
D; (pA) 


structed by kinematic fit in the event selection. 
The SU(3) singlet state can be searched for by 
measuring dAA final state. The measurement of 
the 07 baryon-antibaryon bound states together 
with an axial-vector meson is less promising since 
almost all the axial-vector mesons are resonances. 

The production of the 17 baryon-antibaryon 
bound states can be accompanied by a pseu- 
doscalar (7, 7, n’, K), scalar, tensor or axial- 
vector meson. The most promising way to look 
for them is in the decays with a pseudoscalar 
meson: analyze NWN for the iso-vector bound 
states; analyze npp for iso-scalar bound state; and 
analyze KtAp+ c.c. and K°An + c.c. for the 
strange bound states. The SU(3) singlet bound 
state can be searched for via 17’ AA. 


Table 3 

Decay modes containing baryon-antibaryon 
nonets in charmonium decays. The first J? is 
for the accompanying particle while the second 
for the baryon-antibaryon resonance. 


decay mode Note 
1~&0- (pp), pt (nD), p— (pm) 
K*+(pA), K*~ (pA) * 
K*0(WA), K (nA) x 
w(pp) 
(AA) 
1+&0-  b?(1235)(pp) 
b (1235)(np), b7 (1235) (pr) 
hi(1170)(pp), hi(1170)(AA), 
Ky (1270) (PA), Ky (1270 (pA) 
K (1270) Ky 


& +o o y H 


JP 
(TA), K 
KF (1400)(pA), 
K?(1400)( nA) 
07 &17 TOP), at (np), T~ (pn) 
K*(@A), 
K~ (pa), 
n(pp), n( AA) 
n' (pp), n (AA) * 
OF &1- og) pp) 
a (980)(nDp), ag (980) (pr) 
aq(1450) (pp) 
ag (1450)(np), ag (1450)(p7) 
fo(980) (pp), 0(980)(AA), 
fo(1370)(pB), fo(1370)(AA), _ 
Kot (1430)(BA), KG7 (1430)(pA) 


* 


* 


K%9(1430)(7A), Ko" (1430)(nA) =» 

1+&1-— a9 (1260) (pp) * 

aj (1260)(np), a7 (1260)(p7) * 

fı (1285) (pP), fi n * 

Kj(1270)(BA), K7 (1270) (pA) * 
KO(1270)(TA), K ¥ (1270)(n) 
Kj*(1400)(pA), K7 (1400) (pA) 

K9(1400)(7A), K,(1400)(nA) * 

2+&17  a9(1320)(pp) * 

a} (1320)(np), az (1320)(p7) * 

f2(1270) (pp), * 

f5(1525)(AA) xx 

K3*(1430)(PA), K27 (1430)(pA) * 

Kž0(1430) (TA), K. *0(1430)( nA) * 


x: not allowed in J/i decays; 
x *: not allowed in Y’ decay. 


It should be noted that the neutral non-strange 
0- baryon-antibaryon bound states can also be 
produced via radiative decays of J/ (or 4%’), 
while the 1~ baryon-antibaryon bound states can 
not be produced this way due to spin-parity con- 
servation. 

Although among charmonium decays J/~ pro- 
vides a good source of the baryon-antibaryon 
bound states because of the large data samples, 
there are disadvantages: the phase space is too 
small and there are many N*’s near nucleon me- 
son mass threshold, which affect the identification 
of the states [23]. The y’ decays have larger phase 
space, however, the data samples are smaller, and 
there is a large fraction of charmonium transition. 
CLEOc and BESIII will surely help to improve 
the statistics, and the partial wave analysis is de- 
sirable to take the N* contribution into account 
correctly. 

It is also possible to perform such searches 
in bottomonium (Y) decays, with the existing 
data sample at CLEO-III and possibly more if 
B-factories take data at T(1S). The phase space 
is much larger than in charmonium, and the N* 
states are far from the baryon-antibaryon mass 
threshold. In principle, all modes listed in Ta- 
ble 3 can be searched for in bottomonium decays. 


5. Discussion and Conclusion 


Although our discussion is limited to S-wave, 
SU(8) baryon-antibaryon bound states, it can be 
easily extended in many aspects. First, the P- 
wave, D-wave and even higher angular momen- 
tum multiplets are also expected to exist. Thus 
we have JP = 0+, 1+, 2+,---, states. Second, 
the scheme can be extended by including more 
baryons, for example, the charmed baryon Ae. As 
has been reported by the Belle collaboration, an 
enhancement was observed in Ap mass spectrum 
near the threshold [24]. This can be interpreted 
as a member in the SU(4) multiplets. Last, the 
extension to the baryon-meson, or the meson- 
meson bound states is in principle straightfor- 
ward. Nevertheless, the existence of such kinds 
of resonances can merely be determined by ex- 
periment. 

In summary, the observations of the enhance- 


ments near the baryon antibaryon mass thresh- 
olds in charmonium and B decays bring us fresh 
ideas in the study of hadron spectroscopy. With 
the known symmetry properties of strong inter- 
action, we foresee the existence of the whole 
class of nonet baryon-antibaryon bound states 
and their possible quantum numbers in a revived 
FYS model, even though current theory of strong 
interaction does not provide means to calculate 
their binding energies and decay rates. Theoreti- 
cally, instead of giving the dynamics for a partic- 
ular state, our scheme provides a unified founda- 
tion for further exploration of the binding forces 
and decay dynamics of various bound states. Ex- 
perimentally, in light of our scheme, we know 
where to find these bound states systematically 
in J/w, Y’, Y and B meson decays. The search 
can be conducted with the existing or soon avail- 
able CLEOc, BESIII, and B-factory data. 
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